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was first purified by neural biologists from rat brain (HsuConservation and Specialization:
et al., 1996). Further immunostaining showed that thisThe Role of the Exocyst complex is located at sites of neurite outgrowth and
axonal synapse assembly (Hazuka et al., 1999). Applica-in Neuronal Exocytosis
tion of dominant-negative forms of exocyst components
impaired neurite outgrowth in PC12 cells (Vega and Hsu,
2001).
While further analysis of the exocyst complex in ner-The exocyst is an octameric complex mediating vesi-
vous system has been hindered by the lack of geneticcle targeting and tethering at the plasma membrane
tools in mammals, studies taking advantage of fly genet-for exocytosis. The role of exocyst in nervous system
ics have taken off. In this issue of Neuron, Murthy et al.is unclear. In this issue of Neuron, Murthy et al. provide
(2003) provide important insights into the role of theimportant insights: defects in the exocyst inhibit neu-
exocyst in the nervous system. The investigators exam-rite outgrowth and neuromuscular junction formation;
ined the function of the exocyst in Drosophila with muta-however, synaptic transmission persists.
tions in one member of the complex, Sec5, which is a
central structural component of the complex (Guo et al.,
1999). The null alleles died as first instar larvae. TheyExocytosis is a basic cell biological process in all
failed to grow and the neuromuscular junctions (NMJ)eukaryotic cells. Through exocytosis, intracellular con-
failed to develop completely. While Sec5 depletion intents such as hormones and neural transmitters can be
neurons is a cause of the defect at the NMJ, the deple-released. Also through exocytosis, membrane proteins
tion of Sec5 on the muscle side should also be takensuch as receptors and channels can be incorporated to
into account. The authors also found that in cultures,specific domains of the plasma membrane (PM). Like
neurite outgrowth is inhibited in sec5 mutants once ma-other eukaryotic cells, neurons use evolutionarily con-
ternally supplied Sec5 is exhausted.served machinery for exocytosis. However, to carry out
The authors further studied membrane traffic in thesetheir specialized tasks at the synapses, they have
neurons at the cellular level. First, a transmembrane
adapted specific mechanisms for neurotransmission.
protein, murine CD8 with GFP tagged at its cytosolic
A key step in exocytosis is the tethering of secretory
domain, was used as a secretion marker. In addition,
vesicles to the plasma membrane. An evolutionarily con-
an antibody that recognizes the extracellular domain of
served multiprotein complex, the exocyst, is required
CD8 was used in immunofluorescence in the absence
for the tethering step that precedes membrane fusion.
of detergent so that CD8 incorporated to the PM could
The exocyst complex comprises Sec3, Sec5, Sec6, Sec8, be specifically labeled. This combination allowed for the
Sec10, Sec15, Exo70, and Exo84. The identification of examination of the internal pools of CD8 versus those
the exocyst complex emerged from the genetic dissec- inserted into the PM through exocytosis. The GFP levels
tion of the yeast secretory pathway and biochemical were the same in sec5 and wild-type cells. However,
purification (Novick et al., 1980; TerBush et al., 1996). the antibody labeling of CD8 at the PM was lower in
Mutations in any of the exocyst genes lead to the accu- sec5 cells. This result suggests that exocytosis at the
mulation of secretory vesicles as revealed by electron PM was defective in sec5 mutants, whereas the synthe-
microscopy and defects in exocytosis as assayed by sis of CD8 protein and the generation of CD8-containing
measuring the amount of certain enzymes incorporated vesicles were normal. This is similar to what was ob-
into the yeast cell wall. In the budding yeast, all the served in the temperature-sensitive yeast exocyst mu-
exocyst components are concentrated at the bud tip tants: following temperature shift, the cells accumulate
early in the cell cycle and redistributed to the mother/ secretory vesicles, and the exocytosis of cell wall en-
daughter junction during cytokinesis. These are sites zyme markers such as invertase is blocked. Another
where active exocytosis and membrane addition take marker the authors used was GFP-tagged Synaptotag-
place in response to cell cycle and polarity cues. In min, which in wild-type cells is transported to the syn-
higher eukaryotic cells such as epithelial cells, the exo- apses. In the absence of Sec5, vesicles containing newly
cyst is also found in the Golgi and cytosol in addition synthesized Synaptotagmin-GFP were present along
to the PM. A dynamic translocation of the exocyst to the length of the axon but were rarely found in the neuro-
the PM takes place upon cell polarization (Grindstaff et muscular synaptic boutons. Interestingly, synaptic vesi-
al., 1998; Yeaman et al., 2001). When introduced into cles continued to be concentrated at the synapses.
permeabilized cells, antibodies against the exocyst While many forms of exocytosis seem to be affected
component Sec8 inhibited exocytosis at the basal lateral in sec5 mutants, how about synaptic transmission, the
but not apical membrane (Grindstaff et al., 1998). In an form of exocytosis specialized for neurons? In sharp
in vitro model of kidney tubulogenesis, the exocyst was contrast to the arrest of neurite growth and PM protein
found in the growing tubules. Furthermore, overexpres- addition, the authors found that synaptic transmission
sion of Sec10 led to a dramatic increase in tubule forma- continued to be robust despite the decline of maternal
tion and an increase in protein synthesis (Lipschutz et Sec5 protein. Even though sec5 mutants generated
al., 2000). fewer boutons compared with the wild-type cells, the
boutons that had already been established remainedThe mammalian exocyst (aka the Sec6/8 complex)
Neuron
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fully functional. This led to the conclusion that Sec5 is and PM. Translocation of the exocyst to the PM takes
not required for exocytosis of synaptic vesicles. The place upon the establishment of cell polarity. The immu-
authors attribute the differences in exocytosis to the nostaining of the exocyst in neurons, as shown in this
generation and maturation of vesicles for membrane paper and in another study (Hazuka et al., 1999), sug-
addition versus those for synaptic transmission. Vesi- gests that the exocyst is abundant in the cytoplasm.
cles carrying synaptic proteins, after being generated One wonders if a translocation process similar to that
from TGN and fusing with the PM, are internalized and observed in epithelial cells exists in neurons in response
sorted in endosomes to become mature synaptic vesi- to certain signals.
cles. The authors argue that these recycled vesicles may It is not the first time that the exocyst is found to not
need alternative docking mechanisms that are different be involved in certain types of exocytosis. In epithelial
from those mediated by the exocyst. It is noted that cells, it was shown that antibodies against an exocyst
in MDCK cells, Sec10 overexpression affects protein component had no effect on exocytosis at the apical
synthesis and delivery to the PM but does not affect the domain of MDCK cells (Grindstaff et al., 1998). It is plau-
recycling pathway (Lipschutz et al., 2000). sible that a different set of proteins takes over the role
As transmitter release is a specific form of exocytosis of the exocyst for vesicle targeting and tethering at the
that demands extreme accuracy and efficiency, what apical membrane. The work by Murthy and coworkers
regulates synaptic transmission so tightly in time and not only provides important information about the exo-
space? So far, a large number of proteins have been cyst to neurobiologists, it may also be of interest to the
found to be important for neural transmission (Lin and cell biologists studying the exocyst in general.
Scheller, 2000). Many of these proteins, including the
SNAREs (syntaxin SNAP-25 and VAMP), nSec1, Rab,
Steven EauClaire and Wei Guoand NSF, have homologs in yeast and other eukaryotes.
Department of BiologyWhile the core fusion machinery is conserved, homologs
University of Pennsylvaniafor proteins such as Munc-13, synaphin/complexin, and
Philadelphia, Pennsylvania 19104RIM are not found in yeast. In addition, regulatory mech-
anisms such as Ca2 dependence in neurotransmitter
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to play important roles in neuronal morphogenesis and
It Takes Two to Tango,structural plasticity (Luo, 2002), it will be interesting to
know if and how the Rho proteins communicate with but Three to ISA
the exocyst in neurons. It was recently found that the
exocyst colocalizes with microtubules in PC12 cells
(S.C. Hsu, personal communication) and that the disrup-
Rapidly inactivating A-type potassium channels aretion of microtubules affects exocyst localization (Vega
important determinants of firing frequency in manyand Hsu, 2001). It will be interesting to see how the
excitable cells. Nadal et al. (in this issue of Neuron)exocyst is linked to the microtubules along the axons.
In epithelial cells, the exocyst exists in the cytosol, TGN, purified A-type potassium (ISA) channels from rat cere-
